Introduction
Nanowire (NW) field-effect-transistors (FETs) are considered to be one of the most promising device structures that provide effective gate-control even at the nanoscale. It is well-known that germanium has higher hole mobility compared to silicon. For p-type NW FETs, however, confinement-induced mixing of heavyhole and light-hole states makes the subband dispersion quite nonparabolic [1] , and it is not clear from the bulk band-structure which channel materials exhibit superior device characteristics for p-type NW FETs. In the present study, we have investigated device performance of Si and Ge p-type NW FETs within a framework of three-dimensional non-equilibrium Green's function (NEGF) formalism combined with an empirical tight-binding approximation (TBA).
Simulation Method
We consider p-type gate-all-around NW FETs with a gate-length of 3.4 nm and SiO 2 -thickness of 1 nm, whose schematic diagram is given in Fig. 1 . The NW axis is along a 100 crystalline axis (x-direction). The doping concentration in the source and drain regions, each of which is 7.9 nm long, is 5 × 10 19 cm −3 . The gate is assumed to consist of a fictitious metal whose Fermi energy coincides with the lowest subband level of the NW. We take into account the full-band structure within an empirical sp 3 s * nearest-neighbor TBA [2] and calculated ballistic hole current using the NEGF method. The sp 3 s * TBA includes five orbitals without the spin-orbit coupling. We treated the Si/SiO 2 interfaces with the H termination model [3] to eliminate the artificial surface states in the energy region of interest. The potential profiles are obtained through a selfconsistent solution of three-dimensional Poisson and NEGF equations. Figure 2 shows the subband structures of Si and Ge NWs. The nonparabolicity of the subband is tremendous due to the strong confinement-induced mixing of heavy-hole and light-hole states. We see that the effective mass of the lowest subband of the Ge NW is significantly smaller than that of the Si NW. Figures 3  and 4 show the hole density spectra (density plot), current spectra (dashed line), and potential profiles (solid line) at V D = 0.1 V, V G = 0.1 V, and T = 300 K. Since the Ge NW has lighter effective mass, the hole distribution is wider in energy space. This results in 58 percent larger drain current for the Ge NW compared to the Si NW. However, for d = 1.6 nm, the difference in effective masses between Ge and Si NWs becomes small (see Fig. 2 ). As a results, the drain current of the Ge NW is only 19 percent larger than that of the Si NW at V G = 0.1 V for d = 1.6 nm (see Fig. 5 ). Note that both devices maintain a good gate control with an ideal subthreshold swing. Figure 6 shows the NW diameter dependence of the drain current from d = 1.6 nm to 3 nm. We find that the difference in drain current between Ge and Si NWs becomes smaller with reducing NW diameter.
Results and Discussion

Conclusions
Hole transport simulation based on the NEGF and TBA methods has been performed for Si and Ge NW FETs. Simulation results show that the difference in drain current between Ge and Si NWs becomes smaller with reducing NW diameter.
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